Abstract. Accumulating evidence points out that chemokines play important roles in colorectal mucosal immunity by recruiting leukocytes into and out of the lamina propria adjacent to the epithelium. The chemokine, CCL28, which is expressed by epithelial cells within colorectal mucosa is thought to have dual roles as a chemoattractant for leukocytes expressing CCR10 and/or CCR3 and a mediator of antimicrobial activity. To date, there is little known about the presence of CCL28 in colorectal cancer. The objective of this study was to determine whether the CCL28 protein level is altered in colorectal tumours (n=76) compared with paired normal mucosa. Further, the plasma CCL28 levels from patients with colon and rectal cancer were also examined. Immunohistochemistry revealed heterogeneous CCL28 protein expression in tumour and normal epithelial cells. Analyses by ELISA showed that the CCL28 protein level in colon tumours was significantly (P<0.001) lower than in normal tissue and that the difference in CCL28 protein level between rectal tumour and normal tissue was not significant. Patients with a tumour localized in the colon had significantly (P<0.05) higher plasma CCL28 protein levels than patients with a tumour localized in the rectum. These discrepancies may suggest that there are different mechanisms and signalling pathways involved in the pathogenesis of cancer in the colon and rectum and thereby differentially promote the expression and secretion of CCL28 protein. Further studies on CCL28 protein in colorectal cancer with an extended number of patients are necessary to conclude whether tissue levels and plasma concentrations carry significant clinical relevance.
Introduction
Colorectal cancer (CRC) is one of the most common cancer diseases in Western countries. A number of genetic alterations within oncogenes and tumour suppressor genes in epithelial cells have been associated with the adenoma-carcinoma sequence in cancer development (1, 2) .
Local immunoregulation mediated by infiltration of inflammatory cells into colorectal adenocarcinomas is considered of importance for tumour progression (3) . Tumour-associated leukocytes play an important antitumourigenic role but have also been shown to contribute to the growth and spread of malignancy (4) (5) (6) .
Different chemokines (chemotactic cytokines) are variably expressed in a number of cancers and provide directional stimulus for the movement of leukocytes in cancers (7) . Chemokines are major determinants of macrophage and lymphocyte infiltration in human carcinomas (7) .
In the gastrointestinal tract, intestinal mucosa regulates the trafficking of leukocytes into and out of the lamina propria adjacent to the epithelium. This may reflect the production of chemokines by the intestinal epithelium (8, 9) .
The chemokine, CCL28, also termed MEC (mucosaeassociated epithelial chemokine), is expressed by epithelial cells within the large intestine and at a lower level in the small intestine (10, 11) . This chemokine is a ligand for the receptors, CCR10 and CCR3, and chemoattract CD4/CD8 T cells, IgA B cells and eosinophils (10) (11) (12) (13) . Furthermore, it has been suggested that CCL28 is constitutively secreted by intestinal epithelial cells and functions as a potent antimicrobial factor and protects the mucosa surface against colonizing microbes (13) . In addition to the large and small intestine, CCL28 is also constitutively expressed in different mucosal sites, including the bronchial, salivary and mammary glands (10, 11) . It has been reported that CCL28 is up-regulated in inflamed human colon epithelium (12) and highly reduced or eliminated in human breast tumours compared to normal adjacent tissue (14) .
To our knowledge, little is known about the expression of CCL28 in human CRC. Therefore, we find particular reason to study CCL28 expression in the specimens of cancerous and adjacent non-cancerous tissues and levels of CCL28 protein in plasma from CRC patients.
Patients and methods
Patients and tissue sampling. This study comprised tissue samples, which were obtained from 76 patients who underwent surgical resections for primary colorectal adenocarcinomas diagnosed at the Department of Surgery, Ryhov County Hospital, Jönköping, Sweden. Sporadic tumours from 40 male and 36 female subjects with a mean age of 70 years (range 36-93) were collected and classified according to Dukes' classification system: stage A (n=11), stage B (n=31), stage C (n=29) and stage D (n=5). The tumours were localized in the colon (n=35) and rectum (n=41). From each patient, tumour tissue and adjacent normal mucosa (about 5 cm from the tumour) were excised and immediately frozen at -70˚C until analysis.
Plasma samples. Forty-four of the patients were available for plasma collection. Venous blood was collected before surgery and separated by centrifugation within 1 h. Plasma was removed and stored at -70˚C until assayed.
Protein preparation. Frozen tumour tissue and normal mucosa were thawed, homogenised in ice-cold lysis buffer containing PBS (9.1 mM dibasic sodium phosphate, 1.7 mM monobasic sodium phosphate, 150 mM NaCl, pH 7.4) and 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulphate (SDS), 100 μg/ml phenylmethylsulphonyl flouride (PMSF), 2 μg/ml aprotinin, 1 mM sodium orthovanadate and 1 μg/ml leupeptin. The lysate was placed on ice for 30 min and then centrifuged at 13000 x g for 10 min. The protein content of the supernatant fluid was determined for each sample using the Lowry assay (15) .
ELISA. The CCL28 protein levels of cancer and paired normal tissues from 76 patients were measured using an established commercially available enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems Europe, UK). The level of plasma CCL28 protein was determined using the same kit. The CCL28 protein level was expressed as pg/mg of protein and the plasma CCL28 protein concentration was expressed as pg/ml. All analyses were performed in duplicate and the mean values were used for statistical calculations.
Immunohistochemistry. Ten of the 76 tumour samples were available for immunohistochemical staining to study the cell type origin of the CCL28 expression. Staining was performed, using a standard protocol on sections from formalin-fixed paraffin-embedded tissue blocks. The sections were incubated overnight at 4˚C with primary mouse anti-human monoclonal CCL28 antibody (R&D Systems) diluted 1:100. After rinsing in tris-buffered saline, sections were incubated with secondary biotinylated rabbit anti-mouse IgG (Dako Cytomation, Denmark). Avidin-biotin peroxidase complexes (Dako Cytomation) were added followed by visualization with 3.3'-diaminobenzidine tetrahydrochloride (Dako Cytomation). All sections were counterstained with Mayer's hematoxylin (Histolab Products AB, Sweden).
Statistical analysis. Data are presented as mean values ± standard error of the mean (SEM). Differences of CCL28
protein expression between tumour and paired normal tissue were examined by the Wilcoxon signed rank test. Differences of CCL28 protein expression between unpaired groups were examined by the Mann-Whitney U test. Statistical analysis was performed using the SPSS for Windows computer package (Rel. 11.5, 2002, Chicago: SPSS Inc.). Results were considered significant at a level of P<0.05. 
Results
Immunohistochemical findings. Immunohistochemistry was performed in order to detect the site of expression of CCL28 protein. Fig. 1 shows immunohistochemical staining of CCL28 protein. CCL28 immunoreactivity was observed both in colorectal carcinoma cells and in the resection border that reflects normal epithelial cells. The observations showed a heterogeneous staining of CCL28 protein in cancerous as well as non-cancerous tissue. Overall, CCL28 was predominantly localized in normal epithelial cells and showed an intensity of staining varying from none to strong whereas carcinoma cells showed no and occasionally weak to strong immunoreactivity. In the surrounding stroma, no cells were stained and control staining using only the secondary antibody showed no reactivity.
Protein levels of CCL28 in tissue and plasma. CCL28 protein concentration was measured by ELISA in protein-lysates of colorectal cancerous tissue and matched normal tissue from 76 patients. Fig. 2 shows that, in most cases, measurable amounts of CCL28 protein were found. When assessing these levels we found undetectable CCL28 protein expression in 3 colon and 3 rectal tumours as well as corresponding normal tissue. Evaluation of the relative expression (tumour vs normal tissue) showed 31.6% (24/76) up-regulation and 60.5% (46/76) suppression. The levels of CCL28 protein in cancerous tissue (937±107.5 pg/mg) were found to be lower when compared with normal tissue (1149±131.8 pg/mg). However, the difference was not significant (P=0.071).
When subdividing the patients (Fig. 3) into groups of colon (n=35) and rectum (n=41), we found an up-regulation of 20% (7/35) and suppression of 71.4% (25/35) in the colon cases. The CCL28 protein level in colon cases was 696±117.6 pg/mg in cancer tissue, which was significantly lower than the 1182±199.8 pg/mg level in normal colon tissue (P<0.001).
In the rectum cases, 41.5% (17/41) were up-regulated and 51.2% (21/41) were suppressed when comparing the CCL28 protein expression in tumours with adjacent normal tissue. The CCL28 protein level in rectal cancerous tissue (1142±178.4 pg/ mg) was not significantly different compared with the level in normal rectal tissue (1121±175.1 pg/mg). Fig. 4 shows that patients with a tumour localized in the colon (n=21) had a significantly (P=0.033) 4-fold higher plasma concentration (28951±6317.7 pg/ml) than patients with a tumour localized in the rectum (n=23) (7010±1461.7 pg/ml).
The levels of CCL28 protein, in all analyzed tissues and plasma, did not correlate with clinical characteristics such as age, gender and Dukes' stage.
Discussion
Chemokines are chemotactic cytokines that regulate the trafficking of leukocytes. Some of the chemokines play an important role in lymphocyte homing and localization to the intestine. For example, the chemokine, TECK/CCL25, is solely expressed to epithelial cells within the small intestine and has specificity of CCR9 + lymphocytes which affect the intestinal immunity (16) (17) (18) (19) . Interestingly, single nucleotide polymorphism in CXCL8 is associated with a reduced risk of colorectal cancer (20) and the expression level of CX 3 C chemokine was found to be an essential biomarker for predicting the prognosis of patients with CRC (21). We have also previously shown that the level of CXCL16 is significantly lower in rectal cancer compared to normal tissue (22) .
CCL28 is one of the recently discovered CCL chemokines. Prior studies have shown that the chemokine, CCL28, is constitutively expressed in mucosal cells within the large intestine and has a function in mucosal immunity (10) (11) (12) (13) 23 ). This chemokine is suggested to play a role in the homeostatic trafficking of CD4 T, CD8 T, IgA B cells and eosinophils. It also has a broad spectrum of antimicrobial activity (13) .
In the current study, we used immunohistochemistry to discriminate the origin of the CCL28 protein expression in CRC and normal colorectal tissue. The investigation revealed heterogeneous CCL28 protein expression in cancer and normal tissues. In normal colorectal tissue, CCL28 was expressed in epithelial cells with no to strong immunoreactivity. In cancerous tissue, CCL28 was not expressed but occasionally showed a weak to strong immunoreactivity.
Using ELISA, we noted a trend (P=0.071) regarding a lower mean concentration of CCL28 protein in cancerous tissue than in normal tissue. We also demonstrated that there was a notable suppression of CCL28 protein in 71.4% of colon tumours compared with adjacent normal mucosa (P<0.001). This significantly lower value of CCL28 protein expression in colon cancer may reflect one of the immunological disorders in cancer-burden states. It may be assumed that this phenomenon is associated with changes in gene regulation and/or differentiation and immune response in colon tumours. However the biological significance of the observed difference remains open as long as the underlying mechanisms are unclear.
The rectum samples revealed no significant difference between the CCL28 protein levels in tumour tissue and those in adjacent normal tissue. Hypothetically, different mechanisms might be involved in the pathogenesis of cancer in the colon and rectum and, thereby, different signalling pathways can differentially promote the expression of CCL28 by affecting pre-/post-transcriptional regulatory mechanisms. We suggest a significant role of suppressed CCL28 protein expression in CRC since suppressed levels of CCL28 protein may lead to less trafficking of leukocytes to the tumour. The suppression of CCL28 protein could be a strategy by tumours to escape confrontation with tumour infiltrating leukocytes and disorder the intestinal immunity. We also showed that patients with colon cancer had higher plasma CCL28 protein levels compared with patients with rectal cancer. This discrepancy may in part be explained by the biological difference between the two tumour types and different carcinogenesis pathways which influence the secretion of CCL28 protein. Extended research is required to confirm this possibility based on more clinical cases.
In studies of CCL28 regulation using human colon epithelial cells, proinflammatory stimuli, such as IL-1, significantly upregulated CCL28 (12) . To our knowledge, no studies have been published about regulation of CCL28 in rectal epithelial cells and there is little information available about the presence of CCL28 in cancer. However, one report has shown that CCL28 mRNA expression was highly reduced or eliminated in human breast tumours compared to normal adjacent tissue (14) but the relevance of this still remains to be defined.
Further investigations are essential to clarify whether the suppression and secretion of CCL28 protein are related to colorectal carcinogenesis and carry significant clinical relevance. The results presented here comprise the initial stage of a forthcoming study on immunological features in CRC in our laboratory.
